I N the care of older adults, frailty is a term often used to describe a general health status characterized by increased vulnerability to stressors because of impairment in physiological reserve. Over the past several years, researchers and clinicians have attempted to develop a standard and measurable conceptualization of the frailty syndrome. There is no standard definition for frailty (1) , but generally accepted components include muscle weakness, fatigue, slowness, low physical activity, and unintended weight loss (2) (3) (4) (5) (6) .
Identifying frailty in older adults is important as it may help clinicians recognize those who are at increased risk for several adverse health outcomes including death, hospitalization, and disability (7) . Furthermore, frailty has been associated with an increased risk of poor cognitive outcomes such as Alzheimer's disease (AD) and mild cognitive impairment and also with neuropathologic markers of AD. Much of this prior work has been done using the Rush Memory and Aging Project, a study conducted in 40 residential facilities (8) (9) (10) . In contrast, Avila-Funes and colleagues (11) reported an association between frailty and dementia in participants who had baseline cognitive impairment but not in those with intact cognition. Thus, results of prior observational studies are inconsistent. We are able to extend this research by examining data from a large, representative sample of community-dwelling older adults characterized by extended follow-up and a large number of incident dementia cases. We used data from the Adult Changes in Thought (ACT) study to examine the association between frailty and incident dementia, AD, and non-AD dementia.
Methods

Participants
ACT is a population-based prospective cohort study of incident dementia and AD. ACT study methods have been described in detail elsewhere (12) . Briefly, study participants, aged 65 years and older, were randomly sampled from Seattle-area members of Group Health, an integrated health care system in Washington state. The research protocol for this study was reviewed and approved by the Group Health and University of Washington institutional review boards. The original cohort of 2,581 participants without dementia was enrolled between 1994 and 1996. An additional 811 participants were enrolled between 2000 and 2002, and in 2004 the study began continuous enrollment (n = 1,023 as of September 30, 2010) , to replace those who die or drop out from a total of 4,415 study participants. Figure 1 shows exclusion criteria for this analysis. Participants were required to have at least two biennial visits after the ACT enrollment visit for study inclusion. The first biennial follow-up visit was designated as the baseline year for this analysis so that we could define the weight loss component of frailty. Participants were excluded if they reported a history of stroke or Parkinson's disease at baseline, or any of the components of the frailty measure were missing, yielding a cohort of 2,619 participants for analysis.
Ascertainment of Dementia and AD
At each ACT study visit, cognitive function was evaluated using the Cognitive Abilities Screening Instrument (CASI; 13). The CASI is a 40-item 100-point test of global cognitive functioning used in several population-based epidemiological studies. We used a cutoff value of 86 on the CASI to identify individuals for dementia evaluation because this score has a sensitivity and specificity of 96.5% and 92.0%, respectively (14) . Participants whose CASI scores were less than 86 underwent a standardized dementia diagnostic evaluation, including a physical and neurological examination by a study neurologist, geriatrician, or internist and a 1-hour battery of neuropsychological testing. The neuropsychological testing included the clock drawing (15) , verbal fluency (16), Mattis Dementia Rating Scale (17), Boston naming (16), verbal paired associations and recall, logical memory and recall (17) , Word List Memory (16), Constructional Praxis and recall (16) , Trails A and B (18) , and Information and Comprehension subtest items (19) . Relevant laboratory tests and brain CT or MRI studies were performed or results were obtained from Group Health records. Diagnoses were assigned at consensus diagnostic conferences using the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) criteria for dementia (20) and criteria of the National Institute of Neurological and Communicative Disorders and Stroke and Alzheimer's Disease and Related Disorders Association for AD (21) . Frailty status was not considered at the consensus conference. Participants with new-onset dementia underwent at least one annual follow-up examination for verification of dementia status and subtype. The date of onset was assigned by convention as the midpoint between the ACT study visit that triggered a positive dementia evaluation and the preceding study visit. Accounting for interval censoring of dementia onset by using the midpoint of the interval in which onset occurred is robust to bias in time-to-event analyses (22, 23) . We examined three outcomes in these analyses: all-cause dementia, possible or probable AD, and non-AD dementia. The latter category consisted of all dementias not classified as possible or probable AD.
Frailty Definition
We defined frailty at baseline using modified criteria developed by Fried and colleagues (2) . The components of frailty include weakness (grip strength), slowness (walking speed), low physical activity, weight loss, and self-reported exhaustion (Table 1) . For each component, a participant was classified as positive for the component or not. When possible, we used the cut-points defined by Fried and colleagues (eg, grip strength, exhaustion).
Grip strength was assessed using a handheld dynamometer and measured to the nearest 0.1 kg. Participants were asked to use their dominant hand to grip the handle with maximal effort for three attempts; the average of these three attempts was used. Weakness was defined using cut-points stratified by sex and body mass index. Walking speed was assessed by having participants walk a 10-foot distance at their usual speed using assistive devices if needed. Each participant was timed for two walks and the average time was used. Slow walking speed was defined as less than 0.6 m/s (24) . Participants were asked about the number of days per week they did each of the following activities for at least 15 minutes at a time during the past year: walking, hiking, bicycling, aerobics or calisthenics, swimming, water aerobics, weight training or stretching, or other exercise. Participants were categorized as having low physical activity if they self-reported exercising fewer than three times per week (25) . Weight loss was defined as losing more than 7.5% of body weight since the previous ACT visit. Exhaustion was assessed using two items from the 10-item Center for Epidemiological Studies Depression (CESD) scale (26): (a) "I felt that everything I did was an effort" and (b) "I could not get going." Participants were categorized as positive for the exhaustion component if they answered yes to either of these two items. Participants were classified as frail (three or more components), prefrail (one or two components), or not frail (0 components).
Potential Confounders
At study baseline and each follow-up visit, information was collected on demographic factors, self-reported medical history, and health characteristics. Demographic factors included age, sex, race, and years of education. Participants were asked whether a physician had ever told them that they had congestive heart failure, hypertension, diabetes mellitus, or myocardial infarction. Health characteristics included smoking (past, never, current), body mass index calculated from measured weight and height, and self-rated health (excellent or very good, good, fair or poor). Potential depression was determined by presence of depressive symptoms (CESD summary score ≥ 10 vs < 10) and evidence of a prescription for an antidepressant in the 1 year prior to baseline.
Statistical Analyses
Descriptive analyses were stratified by baseline frailty status and presented as counts and percentages for categorical variables. Age-adjusted incidence rates of dementia, AD, and non-AD dementia per 1,000 personyears were calculated according to frailty status by the direct method of standardization, using the age distribution of the full cohort as the standard population. To analyze the association between frailty and risk of dementia, we estimated hazard ratios (HR) using Cox proportional hazards regression models with participant age as the time scale (27) and the event time taken to be the age at dementia onset. Individuals not diagnosed with dementia were censored when they were diagnosed with incident stroke or Parkinson's disease, at the time of their last ACT study visit, or at time of disenrollment from Group Health, whichever was earliest. In addition, for the outcome of AD, individuals were censored at the time of non-AD dementia diagnosis. from the CESD scale: "I felt that everything I did was an effort"; "I could not get going."
Notes: BMI = body mass index; CESD = Center for Epidemiological Studies Depression.
*Participants were asked the number of days per week they did each of the following activities for at least 15 min at a time: walking, hiking, bicycling, aerobics, swimming, water aerobics, weight training, stretching, or other exercise. Frequency of exercise per week was defined by summing across these activities.
Similarly, for the outcome of non-AD dementia, individuals were censored at the time of AD diagnosis. Model 1 was adjusted for age at baseline, sex, education, and race. Model 2 was further adjusted for body mass index, depressive symptoms, antidepressant use (in year prior to baseline), self-rated health, hypertension, diabetes, myocardial infarction, congestive heart failure, and smoking status. Model 3 was further adjusted for baseline CASI score to examine further potential confounding by global cognitive functioning. We assessed proportional hazards assumption by testing for an interaction between frailty status and age. The assumption was satisfied for all models. We examined effect modification by sex, depression, and baseline CASI (< 92 and ≥ 92). This CASI threshold corresponds to the lowest quartile of CASI scores. In exploratory analyses, we examined the association between the individual frailty components and each outcome. All analyses were performed using Stata version 10 (StataCorp, College Station, TX). Table 2 provides baseline characteristics of the 2,619 eligible ACT participants according to baseline frailty status. The mean age at baseline was 76.8 (standard deviation [SD] 5.9) years, approximately 60% were female, and more than 60% had at least some college education. At baseline, 213 (8.1%) participants were frail. On average, frail participants were older, more likely to be female, to be obese, to have depressive symptoms, to rate their health as fair or poor, and to report several chronic health conditions. During the 17,075 person-years of follow-up (mean 6.5, SD 3.9 years), 521 cases of dementia were diagnosed, of which 448 were cases of probable or possible AD and 73 were cases of non-AD dementia. Age-adjusted incidence rates of these outcomes were considerably higher for those who were frail at baseline (Figure 2) . The age-adjusted incidence of any dementia was 54.6 per 1,000 person-years for those who were frail at baseline and 29.3 per 1,000 personyears for those who were not frail.
Results
In the model adjusted for age, sex, education, and race, frailty was associated with an increased risk of dementia ( The relationship between baseline frailty and dementia did not differ according to sex or depression status ( Figure 3 ) but did differ by baseline global cognition. The association between frailty and dementia was stronger for those with higher baseline cognitive scores (HR 1.78, 95% CI 1.14-2.78) than for those with lower cognitive scores (HR 0.79, 95% CI 0.50-1.26; p value for interaction = .02).
We conducted exploratory analyses to examine the association between the individual frailty components and each outcome as a way to understand our primary findings ( Table 4) . The individual components were not significantly related to risk for dementia or AD, however, the HRs for slow walking speed were slightly increased (dementia: HR 1.27; AD: HR 1.16). Slow walking speed was the only component significantly related to an increased risk for non-AD dementia (HR 2.13, 95% CI 1.09-4.16), whereas the adjusted HR for low grip strength was 1.28 and for exhaustion was 1.77.
Discussion
In this population-based study of older adults, frailty was not associated with all-cause dementia or AD but was associated with a 2.57-fold increased risk for non-AD dementia. Baseline global cognitive functioning was an important confounder and reduced the magnitude of associations between frailty and the three dementia outcomes.
An unexpected finding of this study was that the association between frailty and dementia varied according to baseline cognitive scores. This is the first study to our knowledge that has examined the association between frailty and incident dementia stratified by baseline cognitive scores. Frailty was associated with increased risk for dementia only for those in the upper three quartiles of global cognitive functioning. The explanation for this finding is unclear. A prior study found that frailty was associated with dementia in those with cognitive impairment (11) . Thus, we had expected the increased risk to be evident in participants with lower cognitive scores rather than the higher cognitive functioning group because these individuals were closer to the threshold for cognitive impairment that triggered the evaluation for dementia. Perhaps those in the lower quartile of cognitive scores, even though considered within the "normal" range of cognition for this study, may include participants who had mild cognitive impairment or impending dementia that may overshadow any association that frailty might have with incident dementia. In previous work in the ACT cohort, separate components of the frailty construct (eg, lower performance on walking speed and grip strength) were related to increased risk for dementia even in those who had scores in the lower quartile of the CASI; thus, an interaction was not found by cognitive status when examining these individual performance measures (28) .
We found that frailty was associated with non-AD dementia. Among the components of frailty, only slow walking speed was significantly related to non-AD dementia. However, risk was also nonsignificantly increased for exhaustion and low grip strength. The HR for the association between frailty and non-AD dementia was greater than that between walking speed and non-AD dementia, suggesting that the frailty and non-AD dementia relationship was not determined solely by walking speed but that multiple elements of the frailty phenotype contributed to this relationship. This outcome includes several types of dementia not meeting the possible or probable AD definition. In our cohort, 42% (31 of 73) of those with non-AD dementia had vascular dementia. Because non-AD dementia includes several dementia types and the overall event rate is low, this finding requires confirmation in a larger sample where vascular dementia events could be examined separately. Our results are supported by a study conducted in France, where frailty was associated with a 2.73-fold increase in vascular dementia (5). Notes: CI = confidence interval; HR = hazard ratio. *From Cox proportional hazards regression model with age as the time scale, adjusted for age at baseline, sex, education, and race. † Further adjusted for body mass index, depressive symptoms, antidepressant use, self-reported health, hypertension, diabetes, myocardial infarction, congestive heart failure, and smoking status.
‡ Further adjusted for baseline Cognitive Abilities Screening Instrument (CASI) score.
Our findings are consistent with two longitudinal studies (5,11) but not with the other (10) . Avila-Funes and colleagues (11) also did not find an association between frailty and risk of dementia in participants with intact cognition at baseline in a large French sample followed for 4 years. In contrast, Buchman and colleagues (10) reported that in a sample of 823 older adults followed for 3 years, increasing levels of frailty were associated with increased risk for incident AD. When these investigators used a categorical measure of frailty, similar to the frailty definition we used, frailty was associated with a twofold increase risk for AD after adjusting for age, sex, and education. Of note, we also found an association between frailty and AD in our minimally adjusted model including similar variables (HR 1.55, 95% CI 1.12-2.14), which was attenuated considerably in the fully adjusted model with several additional covariates including baseline cognition (HR 1.08, 95% CI 0.74-1.57). Thus, baseline cognition, even within the range that is considered intact should be considered as an important confounder in future research in this area. Slow walking speed as defined for the frailty phenotype was not related to overall dementia or AD. Other investigators have found an association with walking speed and dementia outcomes; however, different characterizations of walking speed were used (continuous, quartiles) and may explain the different findings (28, 29) .
Disentangling the relationship between physical frailty and impaired cognition is complex and the directional relationship between these two syndromes is not known. There is information to support the notion that frailty may precede dementia (8) and for the notion that impaired cognition (mild) may precede the development of frailty (30) . Some have proposed that impaired cognition and physical frailty co-occur because of shared pathophysiology and risk factors. Experts have even suggested adding cognition to the frailty phenotype to improve the ability to predict poor health outcomes (1, 11, 31) .
This study had several strengths, including a large, representative sample of community-dwelling older adults with extended follow-up and a large number of incident dementia cases. A few limitations should also be noted. The study population was predominantly white and well educated, which may limit generalizability. A standard definition of frailty does not exist, however, we have used a phenotype that has been well accepted by the research community (4). We were able to adjust for a number of important potential confounders. However, residual confounding is a concern with all epidemiological studies. The low number of cases of vascular dementia precluded further delineation of the findings related to the non-AD dementia outcome.
In conclusion, we found an association between frailty and non-AD dementia but not with overall dementia or AD. Frailty was associated with dementia when adjusting only for demographic variables but not in the fully adjusted model underscoring the importance of considering confounders. Frailty was associated with dementia in the subgroup with higher cognitive scores at baseline. The findings from this article illustrate the importance of adjusting for baseline cognition in studies examining the association between frailty and dementia outcomes. Future research in other samples is needed to explore the association with frailty and dementia subtypes. Notes: CI = confidence interval; HR = hazard ratio. *From Cox proportional hazards regression model with age as the time scale, adjusted for age at baseline, sex, education, race, body mass index, depressive symptoms, antidepressant use, self-reported health, hypertension, diabetes, myocardial infarction, congestive heart failure, and smoking status and baseline Cognitive Abilities Screening Instrument (CASI) score.
